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Serious injury perturbs the immune system re-sulting in progressive suppression of adaptiveimmune responses during the first week after
trauma.1 These impaired adaptive responses are thought
to contribute significantly to the development of sepsis
and the multiorgan dysfunction syndrome (MODS),
which are the leading causes of death in patients who
survive the initial injury. Clinical and experimental evi-
dence demonstrates that the increased susceptibility
of these patients to infection can, at least in part, be
attributed to reduced Th1-type immune responses and
a skewing toward i ncreased T h2- type or
counterinflammatory immune reactivity.2
Natural killer T (NKT) cells are a distinct subset of
lymphocytes that share the characteristics of both T
cells and natural killer cells. They express a semi-in-
variant T cell recepeor (TCR Vα24, Jα18 and Vβ11 in
human) and recognize glycolipid antigens presented
by the major histocompatibility complex class I-like
molecule CD1d.3 It has been reported that there are
three subsets of Vα24+NKT cells: CD4
+NKT cells, DN
NKT cells and CD8
+ NKT cells. They show different
cytokine production patterns.4 As of yet, little informa-
tion is available regarding their tissue distribution in
humans. The ability of NKT cells to secrete cytokines
and chemokines rapidly is thought to underlie their regu-
latory function in a variety of diseases, including can-
cer and autoimmunity.5 However, the contribution of NKT
cell and its subsets to the altered immune function fol-
lowing injury in humans remains to be determined. So
in the present study, we observed the variation and sig-
nificance of NKT cells in patients with severe multiple
injuries.
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Objective:    To observe the variation and signifi-
cance of natural killer T (NKT) cells in patients with severe
multiple injuries.
Methods:    Peripheral blood was drawn from 30 pa-
tients with severe multiple injuries and 20 healthy
individuals. NKT cells and the subsets of NKT cells were
stained and analyzed on fluorescence activated cell sorter
(FACS) using Cellquest software. The level of IL-4 and IFN-γ
in blood serum was detected by ELISA.
Results:    The proportion of NKT cells was significantly
increased. CD4
+ NKT cells was increased (t=-3.11, P<0.01) and
CD4
+CD8
+NKT (double negative NKT, DN NKT) cells de-
creased in patients with severe multiple injuries compared
with healthy controls (t=2.99, P<0.01). There was a positive
correlation between the proportion of NKT cells and injury
severity score (ISS) by Spearman correlation analysis (r=0.70,
P<0. 01). The level of IFN-γ was significantly decreased
and the level of IL-4 significantly increased in patients with
severe multiple injuries.
Conclusions:    We demonstrate that human NKT cells
are increased in trauma patients. Most significantly, there is
an association between ISS and NKT cells. The increased
CD4
+NKT cells may contribute to the reduction of Th1
cytokine production and the growth of Th2 cytokine
production, leading to the suppression of immunity after
injury.
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METHODS
Patients and healthy control individuals
Peripheral blood samples were withdrawn from 30
consenting adult patients with severe multiple injuries
with ISS>20 admitted to the Trauma Intensive Care Unit
of Tongji Hospital. Patients who were unable to take
adequate oral nourishment received supplemental en-
teral nutrition to ensure an adequate calorie intake by
way of the gastrointestinal tract. All patients were care-
fully monitored for hyperglycemia, which was rigorously
controlled by intravenous insulin infusion. Blood samples
in all cases were drawn in the first week after injury.
Healthy volunteers were from Tongji Medical College.
The ages of  healthy volunteers were 24-33 years (10
males and 10 females) without history of trauma or other
vital organ complication.
Reagents and antibody
PE-anti-human Vα4 mAb, FITC-anti-human Vβ11
mAb were purchased from Immunotech Company.
PEcy5-anti-human CD4, APC-anti-human CD8, ELISA-
IL-4, ELISA-INF-γ were purchased from eBioscience
Company. FACS was from Becton Dickinson Company.
Blood collection and processing
Whole blood samples from normal individuals and
patients with severe multiple injuries were collected in
heparin-containing tubes, and peripheral blood mono-
nuclear cells (PBMCs) were isolated by Ficoll
separation. PBMCs interface was carefully removed by
pipetting, After twice washes in PBS, adjust the con-
centration of PBMCs to 1×107 cells/ml. PBMCs were
subjected to further analyses.
Flow cytometric analyses of NKT cells and sub-
sets
Surface markers were analyzed by four-color
cytometry with a combination of monoclonal antibodies.
These antibodies included PE- anti-human Vα24 mAb,
FITC-anti-human Vβ11 mAb, PEcy5-anti-human CD4
and  APC-anti-human CD8. The aliquots (100 µl) of mono-
nuclear cells were incubated with 20 µl of appropriate
antibody for 30 minutes at 4°C in the dark. After
incubation, cells were washed with 2 ml of staining buffer
and resuspended in 500 µl of staining buffer. Cells were
analyzed on FACS using Cellquest software.
ELISA for serum cytokines
The concentration of INF-γ and IL-4 in peripheral
blood serum was determined as described by the
manufacturer of the ELISA kit. In brief, human INF-γ
and IL-4 were detected by biotinylated monoclonal
antibodies, which were evidenced by avidin-conjugated
horseradish peroxidase followed by incubation with
tetramethylbenzidine (TMB) substrate. The reactions
were measured at 450 nm in an ELISA reader.
Statistical analysis
Data were presented as mean ± SD and analyzed
by SPSS 13.0 statistical software. The Student’s t test
was used for comparisons of the data. Spearman cor-
relation analysis was used for correlation analysis. A
P-value of less than 0.05 (2-tailed test) was considered
to indicate a statistically significant difference.
RESULTS
Proportion of NKT cells and subsets of NKT cells
in patients with severe multiple injuries
The proportion of NKT cells in PBMCs from patients
with severe multiple injury and healthy control individu-
als were analyzed by flow cytometry. The population of
NKT cells in PBMCs was very small but clearly detect-
able as shown in Fig.1. Significantly higher proportion
of NKT cells was found in PBMCs from traumatic pa-
tients (0.37%±0.10%) than in healthy control individu-
als (0.12%±0.06%, t=-4.68, P=0.00013). We simulta-
neously determined the NKT subsets: CD4
+ NKT and
DN NKT cells. The CD4
+ NKT cells were increased (78.41%
±7.22% vs 53.80%±8.75%, t=-3.11, P=0.0053),
whereas the DN NKT cells were decreased in the total
NKT cells (18.26%±7.07% vs 41.15%±10.29%, t=2.99,
P=0.007) as compared with the healthy control group
(Table 1).
Relationship between the proportion of NKT cells
and ISS
The relationship between the proportion of NKT cells
and ISS was analysed by Spearman correlation analysis.
The results showed a positive correlation between the
proportion of NKT cells and ISS (r=0.70, P<0. 01, Fig. 2)
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in the traumatic patients than the healthy control
subjects. The IL-4 was significantly higher in traumatic
patients compared to the healthy control volunteers
(t=-3.59, P<0.01). And the ratio of IFN-γ /IL-4 was
decreased in patients with multiple injuries. These re-
sults suggest that injury causes significant changes in
stimulated cytokine production profiles.
DISCUSSION
It is generally agreed that the disruptions of natural
and adaptive immunity after traumatic and burn injuries
are related to the increased susceptibility to systemic
inflammatory response syndrome, sepsis, and MODS
exhibited by those patients who survive beyond the ini-
tial resuscitation period.6 Furthermore, evidence sug-
gests that trauma produces a bias toward a Th2 re-
sponse and an exaggerated Th1 suppression, the de-
gree of which may further predispose patients to sepsis
and MODS.7 Our current findings are in agreement with
the concept of a predominantly Th2-like response early
after injury, as we observed elevated production of IL-4
and decreased production of IFN-γ after injury.
Although most researches during recent years have
focused on the roles of conventional phagocytes of the
innate immune system, including neutrophils and
macrophages, and conventional lymphocytes of the
adaptive immune system, including T and B
lymphocytes, recent studies support the concept that
regulatory T lymphocytes play a role in the control of
immune responses and are affected by injury and sepsis.8
The major regulatory T cells include CD4
+ CD25
+ regula-
tory T cells, NKT cells and γδ cells.9 We have already
done some researches on CD4
+ CD25
+ regulatory T cells
in trauma.10 In the present study, we determine popula-
tion of NKT cell and its significance in patients with
severe multiple injury.
NKT cells are CD1d-restricted lymphoid cells and
are characterized by an invariant T-cell receptor, which
in humans consists of a Valpha 24 chain paired with a
Vbeta11 chain. So  we use  PE- anti-human Vα24
mAb and FITC-anti-human Vβ11 mAb to mark NKT
cells. These cells are known for their rapid production
of large amounts of Th1 type cytokines and Th2 type
cytokines (e.g. IFN-gamma and IL-4), thereby modu-
lating other cells of the immune system such as T cells,
NK cells and dendritic cells. NKT cells acquire an IL-4- or
Table.1 Changes of NKT cell and its subsets
Cells     Control         Trauma
NKT   0.12 ± 0.06        0.37 ± 0.10
CD4
+ NKT 53.80 ± 8.75      78.41 ± 7.22
DN NKT 41.15 ± 10.29      18.26 ± 7.07
Table 2 Concentration of IFN-γ and IL-4
Cytokines       Control                     Trauma
IFN-γ(ng/L)   710.3 ± 117.6                 626.7 ± 85.6
IL-4 (ng/L)     17.9 ± 4.9                   30.0 ± 8.2
IFN-γ/IL-4     53.2 ± 8.7                   22.7 ± 7.6
Fig. 1. Representative FACS plots showing Vα24+Vβ11+ NKT
cells staining in circulating human lymphocytes, CD4+ NKT cells
and DN NKT cells in circulating human NKT cells.
Fig. 2. Correlation of the proportion of NKT cells and ISS. Spearman
correlation analysis showed that the proportion of NKT cells and
ISS was positively correlated (r=0.70, P<0. 01).
Cytokine concentration of peripheral blood in trau-
matic patients
The serum amount of IFN-γ was significantly lower
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IFN-γ-producing phenotype depending on their envi-
ronment and the nature of the antigen.8 NKT cells have
been reported to play important regulatory roles in vari-
ous clinical conditions, including autoimmunity, allergy,
and cancer.11
Although the contribution of NKT cells to immune
dysfunctions associated with injury has not been stud-
ied extensively, the results of the few studies published
in animal models so far suggest that NKT cells appear
to play a deleterious role following injury and might par-
ticipate in the induction of immune dysfunctions. It is
interesting that this is mediated in some instances by
their polarization toward IL-4 production, therefore play-
ing a role in the Th2 shift of immune responses ob-
served after injury.12-14
In the present study, we use PE-anti-human Vα24
mAb and FITC-anti-human Vβ11 mAb to mark NKT
cells. Given that CD4
+ NKT cells and DN NKT cells may
represent functionally distinct populations, CD4
+ NKT
cells have been shown to be the predominant source of
Th2 cytokines (mainly IL-4) in healthy individuals,
whereas DN NKT was previously reported to exhibit a
strong Th1 response after activation.15 So we also ex-
amined these NKT subsets in our patients. In patients
with multiple injuries, we demonstrated an increased
proportion of NKT cells in PBMCs. The CD4
+ NKT cells
were increased whereas the DN NKT cells were de-
creased in the total NKT cells as compared with the
healthy control group. These data indicate that the NKT
cells frequency are increased in the blood of trauma
patients. This may be mainly induced by the increase
of CD4
+ NKT cells. Given the properties of CD4
+ NKT
cells, the increased number of CD4
+ NKT cells may
play an important role in the immunity suppression.
As a severity scale, the ISS can help to adjust for
differences among patients in the overall severity of in-
jury and enable comparison of divergent populations
without limiting the analyses to identical injuries. It was
developed to predict mortality, and it is also correlated
to a variety of outcome measures, such as length of
stay in hospital and cost.16,17 In the present study, cor-
relation analysis showed that NKT cells percentage and
ISS were positively correlated by Spearman correlation
analysis (r= 0.70, P<0. 01). This result indicates that
the more serious injury is, the higher percentage of NKT
cells would be, which is consistent with our clinical
observation that the more severe injury, and the more
severe immune suppression on the patients with mul-
tiple injuris. Therefore, NKT cells act as an important
role in the suppression of T cell-mediated immunity af-
ter critical injury. The variation proportion of NKT cells
may conduce to predict the clinical consequences in
patients with severe multiple injuries.
In the present study, we found that the level of the
most important Th1 type cytokines IFN-γ was signifi-
cantly decreased, whereas as the level of the most im-
portant Th2 type cytokines IL-4 was significantly
increased. And the ratio of IFN-γ/IL-4 was decreased
in patients with multiple injuries. These data suggest
that trauma produces a bias toward a Th2 response
and an exaggerated Th1 suppression. According to the
results in the animal mode,12, 13,14 we consider that the
increased number of CD4
+NKT cells may contribute to
the reduction of Th1 cytokine production and the growth
of Th2 cytokine production, leading to the suppression
immunity after injury.
In summary, our results provide the evidence that
the proportion of NKT cell and CD4
+ NKT is significantly
higher in PBMCs from patients with severe multiple in-
juries than healthy control individuals. There is a posi-
tive correlation between the proportion of NKT cells and
ISS. These studies indicate that NKT cells, in particu-
lar CD4
+ NKT cells may play a role in the suppression
immunity and they are therefore an interesting subject
for further investigation in immunity of traumatic patients.
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